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A process for the removal of organic substances (TOC) , 
pesticides, or other substances from a salt solution 

The present invention relates to a process for 
the removal of organic substances (TOC) from an aqueous 
salt solution, for example, from a regenerate derived from 
water purification. 

For the removal of monovalent ions, especially in 
the field of water treatment, one uses desalting 
membranes, for example RO (reverse osmosis), whereas for 
the removal of bivalent ions as well as for the removal of 
organic compounds, pesticides or other compounds but also 
for the removal of organic compounds such as humic acids, 
and other organic compounds in solution (TOC) , 
nanofiltration is used. The water is then decolourized, 
for example, by passing pre-treated groundwater comprising 
4-8 mg/1 TOC and a colour of 15-50 mg Pt/1, through an ion 
exchanger, whereby humic acids are exchanged for chloride 
ions. It has been found that for approximately 6-14 weeks 
the ion exchanger is capable of removing colour for almost 
100%, after which, however, the colour content in the 
effluent increases. 

This is the signal indicating that the ion 
exchanger needs to be regenerated, whereby the organic 
compounds such as humic acid deposited on the resin, are 
exchanged for chloride ions. 

The liquid released in this process is called the 
regenerate, and it comprises approximately 2,000-10,000 
mg/1 TOC, approximately 25-125 g/1 Na and approximately 
25-125 g/1 CI. 

After regeneration the ion exchanger is put into 
operation again. 

The regenerate enriched with organic compounds 
forms a serious environmental problem and cannot simply be 
dumped. In the present-day technique the regenerate is 
evaporated, and the evaporation residue removed. 
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Until now one has endeavoured to treat such 
seriously TOC-contaminated regenerates in desalting 
membranes, trying to limit the occurrence of concentration 
polarization in order to avoid the accumulation of salts 
at the membrane surface; the result is that not only the 
undesirable organic compounds are retained, but also a 
high percentage of the salts. This is undesirable 
especially if one wishes to reuse the thus treated 
regenerate for the regeneration of the ion exchanger used 
for the water treatment. In the prior art one has 
attempted to avoid the polarization concentration, i.e. 
the accumulation of salts at the membrane surface, by 
means of continuous longitudinal flow using liquid or a 
gas/liquid mixture. The limitation of the concentration 
polarization is important in view of 

1. scaling problems; 

if the solubility product is exceeded, 
precipitation may occur at too high a concentration 
polarization. 

2. retention of salts; 

at too high a polarization concentration the 
retention, i.e. the removal of salts, decreases. 

In the prior art technique the longitudinal flow 
with nanof iltration and reverse osmosis (RO) 
installations, in which tubular, capillary, hollow fibre 
or helical membranes are employed, is realized by 

1. continuous discharge of concentrate 

2. circulation over the membrane. 

The invention provides a process for the removal 
of organic compounds (TOO , pesticides or other specific 
compounds from a salt solution, for example, a regenerate 
from the water purification, characterized in that the 
TOC-comprising aqueous salt solution is treated in a 
desalting membrane according to the dead-end principle 
wherein no longitudinal flow over the membrane with air 
and/or water takes place, whereafter the obtained permeate 
is reused and the concentrate obtained after flushing is 
discharged. 
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According to the present invention, the above- 
described phenomenon of concentration polarization, which 
occurs when employing desalting membranes, is combined 
with the so-called dead-end principle, wherein the salt 
solution to be treated is introduced into the membrane 
module at the feed side, without applying a longitudinal 
flow over the membrane with gas and/or liquid. 
Consequently, there is no recirculation and moreover, the 
concentrate is not continuously discharged. The dead-end 
principle is generally used in micro and ultrafiltration 
techniques not involving desalting membranes. Micro and 
ultrafiltration do not remove humic acids (TOC) and 
pesticides. 

Surprisingly it has been found that by operating 
in this way the effect of the membrane undergoes a drastic 
change. In contrast with the known technique, in the dead- 
end application the salts are not retained or only to a 
lesser degree* 

It has been shown that the desalting membrane 
does not, or only to a lesser degree, remove salts, 
whereas in contrast, the undesirable organic compounds 
such as, for example, humic acids or pesticides or other 
compounds, are removed. 

The reason why this according to the invention is 
possible, is to be found in the high concentration 
polarization created by the dead-end application of the 
desalting membranes. In summary, the result according to 
the invention is that, due to the specific manner of 
applying the dead-end principle, wherein no longitudinal 
gas and/or liquid flow over the membrane takes place, a 
high polarization concentration at the membrane surface is 
realized, thereby changing the effect and/or the 
properties of the desalting membrane. The surprising 
consequence is that with the aid of the desalting 
membranes applied according to be present technique, very 
specific compounds, often of the organic type, can be 
removed without desalting. 
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According to the present invention, good results 
are obtained when a TOC-comprising aqueous salt solution 
is introduced at the feed side of the membrane at a flux 
of 5-75 l/(m 2 xhours) , a feed pressure of 4-12 bars for 30- 
40 minutes, while the obtained TOC-depleted permeate is 
discharged. 

Typically, prior to treatment the aqueous salt 
solution to be treated according to the invention contains 
approximately 2000 mg/1 TOC, approximately 105 g/1 Na + and 
approximately 60 g/1 Cl~, whereas after treatment the 
obtained permeate contained approximately only 4 0 mg/1 TOC 
and still approximately 105 g/1 Na + and approximately 60 

g/1 cr. 

The membranes to be employed according to the 
invention are the usual tubular, capillary, hollow fibre 
or helical membranes. 

An example of the membrane employed according to 
the invention is a commercially available membrane from 
Stork, membrane type NX 4505 having the following 
specified characteristics in the case of longitudinal flow 
being applied: 

- MgS0 4 retention (0.5% solution by weight) >95% 

- NaCl retention (2.5% solution by weight) <50% 

- diameter tubulars 5.2 mm. 
It was established that when operating such ah 

installation with continuous longitudinal flow by 
recirculation, an approximately 70% retention of salts 
takes place (measured as electric conductivity, EC) ♦ when 
the same membrane is applied according to the invention, 
that is to say without longitudinal flow, the retention of 
EC diminishes very quickly within a few minutes to 
practically 0%. In both cases no concentrate discharge was 
observed* 

The present invention may generally be applied 
for the treatment of liquids having a relatively high 
content of organic compounds, for example, humic acids, or 
pesticides or other specific compounds where only the 
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organic compounds, casu guo pesticides or other specific 
compounds are to be removed and not the inorganic salts. 

An example of such an application is the 
treatment of a regenerate derived from water purification. 
5 Said regenerate is a product obtained when winning 

drinking water from groundwater that has a high content of 
organic compounds, such as humic acids. The groundwater is 
fed into a column filled with a resin having a granular 
size of several millimetres/ which resin is charged with 

10 ions. By letting the ground water flow over the granules 
ion exchange takes place on the resin, with the result 
that the resin becomes ever more loaded with humic acids 
until the resin becomes, as it were, saturated. At this 
point the resin needs to be regenerated,, by the resin 

15 being flushed with a strong salt solution (100-150 g/1) , 
whereby the humic acids are exchanged for the salt. The 
thus obtained aqueous liquid having a high humic acid and 
salts concentration is called the regenerate, which in the 
prior art is often evaporated in situ, the solid material 

20 (salt and humic acid) being discharged. From an 

environmental and economical viewpoint, however, this is 
undesirable. The application of the present process 
effectively eliminates this problem, with the result that 
after separating the humic acids from the salt solution, 

25 the salt solution can be reused for a subsequent 

regeneration of the ion exchanger, enriched with fresh 
salt. 

This is a typical example in which a combination 
of techniques such as ion exchange and dead-end 

30 nanof iltration makes it possible to efficiently and 

permanently remove organic compounds, in this case humic 
acids, from aqueous liquids. 

Another application according to the present 
process, is concerned with the treatment of seawater, 

35 prior to purification, in which treatment dead-end 
nanof iltration is used. The organic compounds such as 
humic acid that are present in the sea water, can be 
eliminated more efficiently by applying the present 
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process than with the aid of applied pre-purif ication by 
microfiltration or ultrafiltration. This pre-treatment 
limits the contamination of the RO membranes used with sea 
water desalting. 

Yet another application concerns the specific 
removal of pesticides, in which use is made of dead-end 
RO. 

It goes without saying that the process according 
to the invention is not limited to the above-mentioned 
application possibilities. 

The invention will now be elucidated with 
reference to the treatment of dyed drinking water as 
represented by the appended plan of steps 1-4 (Figures 1 
and 2) . 

Step 1. Drinking water is passed through an ion 
exchanger. 

Step 2* The ion exchanger is regenerated. 
Step 3. The regenerate is treated according to 
the invention and 

Step 4. Flushing/discharge of concentrate. 

1. Drinking water is passed through an ion 
exchanger . 

Pre-treated ground water composed of 
approximately 5-6 mg/1 TOC and a dye of approximately 25 
mg Pt/1 is passed through the ion exchanger from the top 
to the bottom, the chloride content being negligible (<200 
mg/1) . In the ion exchanger the organic compounds , such as 
humic acids, are exchanged for chloride ions. For about 6- 
14 weeks the ion exchanger is shown to be capable of 
removing virtually 100% of the organic compounds, after 
which the capacity to remove diminishes, with the result 
that the colour content in the effluent increases, 

2. The ion exchanger is regenerated. 

When regenerating, the ion exchanger is flushed 
from the bottom to the top with a colourless salt solution 
comprising approximately 100-150 g/1 NaCl. The humic acid 
bound to the resin is exchanged for chloride ions* The 
liquid released at the top of the ion exchanger, being the 
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(fouled) regenerate, has the following composition: 
approximately 2000 mg/1 TOC, approximately 105 g/1 Na and 
approximately 60 g/1 Cl. After regeneration the ion 
exchanger is put into operation again. 

3. The regenerate is treated according to the 
invention . 

The fouled regenerate from the ion exchanger is 
subsequently treated according to the present process via 
dead-end nanof iltration. The valve in the concentrate 
conduit is closed, which means, that no discharge of 
concentrate takes place, nor recirculation. The valve in 
the permeate/product outlet is open. This operational 
condition is maintained for 30-40 minutes, yielding a 
recovery of approximately 80-90%. The regenerate is 
supplied at a flux of approximately 15 - approximately 25 
1/ (m 2 xh) at a pressure of approximately 8 bars. 

The thus obtained permeate/product from the 
nanofiltration (NF) contains approximately 40 mg/1 TOC and 
approximately 105 g/1 Na and approximately 60 g/1 Cl, 
which permeate can be reused for the regeneration of the 
ion exchanger, after the permeate has been further 
enriched with salt. 

Surprisingly, thanks to the high concentration 
polarization at the membrane surface, this involves 
virtually no removal of Na and Cl, while the humic acids 
(TOC) are removed almost completely, that is to say for 
about 98%. 

4. Flushing/concentrate discharge. 

After a certain recovery has been achieved, i.e. 
after a certain time, the content of the NF module, i.e. 
the concentrate, is blown out. To do this, the NF module 
is flushed for a few seconds with air and water, while the 
valve in the concentrate discharge conduit remains open. 
Blowing out takes place at low pressure and during blow- 
out the valve in the permeate product outlet is closed. 

The thus obtained concentrate has a high TOC 
content (typically approximately 5000-100,000 mg/1 TOC) 
and comprises the same amount of salt as the permeate 
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(during experiment: approximately 105 g/1 and 
approximately 60 g/1 CI). The obtained concentrate 
(typically 5-20% of the feed) is further processed and 
discharged. 

After blow-out the NF module is put into 
operation (operational phase 3) again. 
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CLAIMS 



1. A process for the removal of organic substances 
(TOC), pesticides or other specific compounds from an 
aqueous salt solution, for example, from a regenerate 
derived from water purification, characterized in that the 
TOC-comprising aqueous salt solution is treated in a 
desalting membrane according to the dead-end principle 
wherein no longitudinal flow over the membrane with air 
and/or water takes place, whereafter the obtained permeate 
is reused and the concentrate obtained after flushing is 
discharged. 

2. A process according to claim 1, characterized 
in that the gas used is air and the liquid used is water* 

3. A process according to claim 1 or 2, 
characterized in that the desalting membrane is of the 
nanofiltration or RO (reverse osmosis) type, 

4. A process according to claim 1-3, 
characterized in that the membrane is tubular, capillary, 
hollow fibre or helically wound. 

5. A process according to claim 1*4, 
characterized in that the TOC-comprising aqueous salt 
solution is introduced at the feed side of the membrane 
module at a flux of 5-75 1/ (m 2 /h) , a feed pressure of 4-12 
bars for 30-40 minutes, while the obtained TOOdepleted 
permeate is discharged. 

6. A process according to claim 1 - 5/ 
characterized in that the flux is 15-25 l/(m 2 -h), the 
pressure is approximately 8 bars in a dead-end filtration 
cycle of approximately 30 minutes. 

7. A process according to claim 1-6, 
characterized in that prior to treatment the aqueous salt 
solution contains approximately 2000 mg/1 TOC, 
approximately 105 g/1 Na + and approximately 60 g/1 CI", 
whereas after treatment the obtained permeate contains 
approximately 40 mg/1 TOC, approximately 105 g/1 Na + and 
approximately 60 g/1 cl". 



ABSTRACT 

The invention relates to a process for the 
removal of organic substances (TOC) , pesticides or other 
specific compounds from an aqueous salt solution, for 
example, from a regenerate derived from water 
purification. According to the invention, the TOC- 
comprising aqueous salt solution is treated in a desalting 
membrane according to the dead-end principle wherein 
neither longitudinal flow over the membrane with air 
and/or water, nor continuous concentrate discharge takes 
place, whereafter the obtained permeate is reused and the 
concentrate obtained after flushing is discharged. 

The TOC-comprising aqueous salt solution is 
introduced at the feed side of the membrane module at a 
flux of 5-75 l/(m 2 /h), a feed pressure of 4-12 bars for 30- 
40 minutes, while the obtained TOC-depleted permeate is 
discharged. Preferably operation takes place at a flux of 
15-25 l/(m 2 /h) and a pressure of approximately 8 bars and 
the duration of treatment is approximately 30 minutes. 

The membrane used is tubular, capillary, hollow 
fibre or helically wound, and is usually of the 
nanofiltration or RO type. 
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